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© Intravenous solution flow regulator. 

© An automatic intravenous flow regulator for regulating 
the infusion rate of a parenteral solution flowing from an 
intravenous fluid container to a patient. When the level of 
parenteral solution in the container is above a threshold level, 
the infusion takes place at a first flow rate. When the level of 
ftuid in the container drops below the threshold level, fluid 
flow >ntinues but at a second flow rate less than the first flow 
rate. In v.e embodiment, the flow rate is controlled principally 
from outside the IV container; while, in a second embodi- 
ment, the flow rate is controlled from within the IV container. 
Other embodiments are disclosed including one in which the 

2 initial flow rate may be adjusted; one in which the fluid is 
filtered prior to delivery to the patient; and one in which the 
initial flow rate is maintained at a constant value with time, 
secondary flow rate remains fixed, and complete filtration of 
r~ the intravenous solution being infused is provided. 
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Intravenous Solution Flow Regulator 

The present invention relates primarily to a flow 
regulator for use in a parenteral solution adminis- 
tration set, and more particularly to a flow regu- 
lator which sustains fluid flow to the patient at a 
reduced rate after the level of fluid in the intra- 
venous fluid (IV) container drops below a predetermined 
threshold, and to a flow regulator which provides 
accurate regulation of the total flow rate of the 
intravenous infusjLon. In one design, in addition 
to the above stated functions, total flow rate is 
adjustable and may be maintained very constant over 
the time of infusion, and complete filtration of 
the parenteral solution fluid is provided. In another 
design, the total flow rate is fixed at a maximum 
level, and minor adjustments to the flow rate are 
accomplished by changing the height of the IV con- 
tainer relative to the patient. 

In my German patent application, Serial No. 
P_ 2, 729, 642.0, filed June 30, 1977, I explained the 
desirability of maintaining the flow of parenteral 
solution for an extended period of time after the 
IV container becomes empty, and the problems which 
result when fluid flow ceases. Briefly stated, if 
the flow of parenteral solution ceases, even for a 
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brief period of time, the intravenous infusion 
catheter often becomes clotted, necessitating an 
intravenous catheter or needle change, with the 
accompanying discomfort to the patient, incurred 
5 cost of materials, and loss of employee time. 

In my aforementioned patent application, there is 
disclosed a mechanism which dssociates with an IV 
container, and which maintains fluid flow for a 

10 prolonged period of time even when the container is 
empty. This mechanism includes a reservoir chamber 
for receiving and storing parenteral solution from 
the IV container, and a valving arrangement for auto- 
matically decreasing the fluid flow rate to a lower 

15 secondary rate once the infusion bottle is empty 

and fluid level in the reservoir drops below a pre- 
determined threshold level. 

A main purpose of the present invention is to accom- 
20 plish reduced fluid flow when the IV container 

becomes nearly empty, without the necessity for a 
special reservoir chamber and its associated 
valving. 

25 Another main purpose of this present invention is 
to provide accurate flow rate regulation. Flow 
rate in most intravenous administration sets is regu- 
lated by roller clamps or other means of constricting 
the orifice of the IV infusing tubing to limit the 

30 flow of fluid. However, due to "creep" or "cold 

flow" of the plastic employed in the IV tubing, flow 
tends to decrease with time and often will decrease 
as much as 60% of the desired rate within one hour. 
Such inaccurate flow regulation necessitates fre- 

35 quent monitoring by hospital personnel to maintain 
the correct flow. This problem not only results in 
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a waste of valuable medical personnel time but also 
increases the possibility that the intravenous infu- 
sion may be stopped prematurely. To solve this long- 
standing problem, recently many expensive electronic 
and magnetic monitoring and motorized pumping devices 
have become available. These devices, although solv- 
ing to some extent the present problem, are expensive, 
cost much more than a simple infusion set, and require 
frequent nursing personnel visits to assure that 
the devices remain operational. 

The present invention relates to a flow regulator 
having integral capabilities for prolonging the time 
of flow of the parenteral solution at a reduced rate, 
when the level of fluid in the container reaches a 
certain threshold level. The present invention pro- 
vides the advantages of a maintained continuous 
fluid flow without the necessity for adding addi- 
tional components such as reservoirs or the like to 
an existing intravenous infusion set. 

The inventive flow regulator is adapted for direct 
mating with a standard IV container. The present 
invention provides apparatus having a primary, high 
flow rate fluid path, a secondary, low flow rate 
fluid path, and a regulator means to cut off the 
primary fluid flow path to both fluid and air flow 
when the fluid level in the IV bottle falls below a 
threshold level, m one embodiment, the flow regu- 
lating means or valving means is located external 
to the IV bottle when the piercer is in place. In 
another embodiment, the valving or regulating mecha- 
nism resides inside the IV container after the 
piercer has been inserted therein. 
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The flow regulating means can be embodied in dif- 
ferent forms incorporating the teachings of the 
present invention. For example, the flow regulat- 
ing valving means may be a hydrophilic membrane 
5 filter that prohibits the passage of air, or it may 
be in the form of a conventional flap or ball valve 
mechanism. The specific configuration of the flow 
regulator need only be so constructed so as to accom- 
plish the stated purpose of enabling a rapid flow 

10 rate of parenteral solution until the level of solu- 
tion in the IV container reaches a certain lower 
threshold level, whereupon the f luid flow is then 
restricted to a lower now rate, thereby extending 
the perio d of time during which the last portion ot 

15 pare nteral solution in the IV container is inxuse g^ ~~ 
to the patient; 

The present invention provides apparatus which per- 
forms the flow regulating function and which also 

20 has an integral means for accurately controlling 

the fluid flow rate. One embodiment of the present 
invention provides accurate flow rate regulation by, 
utilizing a tubular flow path, of selected length 
and inner diameter, so as to deliver a flow rate 

25 typical of conventional IV infusion sets when the 
IV container is located at an average height above 
the patient. In another embodiment of the present 
invention, accurate and constant primary and second- 
ary flow rate regulation is provided by the use of 

30 membrane filters. As is well known, the flow through 
these filters is proportional to the pore size of. 
the filter, the effective surface area of the filter, 
and the fluid pressure head as determined by the 
height ~of the infusion fluid level relative to the 

35 plane of the patient. These parameters may be 
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chosen such that the present invention provides a 
conventional intravenous flow rate which will change, 
only one to two percent per hour of infusion. And, 
in fact, this change in flow rate is caused almost 
entirely by the decrease in the height of the intra- 
venous infusion solution from the continued infusion. 

The present invention provides apparatus employing 
several means for easily adjusting this flow rate, 
for example, by changing the effective area of the- 
^filter membr ane, or by changing the height of the 
IV infusion container relative to the patient, or 
both. In any event, the flow resulting from the 
use of the present invention is much more constant 
and easier to regulate than the conventional IV infu- 
sion sets which use clamps or the like to regulate 
and control the flow by restricting the feed tubing 
inner diameter. In addition, the present invention 
also provides apparatus which is adapted to com- 
pletely filter the intravenous fluid which is being 
infused to the patient. Accordingly, it may be seen 
that the principal objectives of the present inven- 
tion are to extend the time duration of IV infusion 
to a patient when the IV container becomes nearly 
empty, to accurately regulate the rate of flow of 
the IV infusion fluid, and to perform both of these 
objects in a single integral device and to provide 
such device with means to provide complete filtra- 
tion of the IV infusion fluid. 

Therefore, it is a main object of the present inven- 
tion to provide an intravenous flow regulator which 
automatically extends the time during which parenteral 
fluid flows to a patient when the infusion bottle 
becomes nearly empty. 



0001114 

It is another object of the present invention to 
provide an IV flow regulator with an integral valv- 
ing mechanism which becomes operational upon the 
parenteral fluid reaching a predetermined threshold 
5 level . 

It is still a further object of the present inven- 
tion to provide an integral piercer and flow 
regulator which includes valving means adapted to 
10 reside within the IV container when in use. 

It is still a further object of the present inven- 
tion to provide a flow regulator for an IV con- 
tainer, which flow regulator includes valving means 
15 adapted to reside external to the IV container when 
in use. 

A more specific object of the present invention is 
to provide an intravenous flow regulator having a 

20 primary flow path which is intended to deliver the 
parenteral solution to the patient when the IV con- 
tainer has an adequate fluid supply and having a 
mechanism for closing this primary path to air and 
fluid entry once the fluid level in the IV container 

25 reaches a predetermined threshold level, and employ- 
ing a secondary reduced rate flow path which is 
solely responsible for the infusion to the patient 
after the threshold level has been reached. 

30 A still further specific object of the present inven- 
tion is to provide an intravenous flow regulator 
having a continuously active secondary flow path 
which becomes the sole source of infusion fluid when 
the primary flow path has been closed. 



- 7 - 

0001 114 

It is another main object of the present invention 
to provide an intravenous flow regulator which accu- 
rately regulates intravenous flow rate. 

It is another object of the present invention to 
provide an intravenous flow regulator providing accu- 
rate and continuously maintained flow rate regulation 
and employing a filter membrane of selected effective 
surface area and pore size thereby providing a fixed i 
flow rate commensurate with typical intravenous infu- / 
sion flow rates. / , 

It is still a further object of the present invention 
to provide an intravenous flow regulator having a 
primary filter membrane and including a means for 
adjusting the effective surface area of the membrane 
presented to the fluid, thereby providing accurate 
flow rate adjustment. 

It is still a further object of the present invention 
to provide an automatic flow regulator employing a 
mechanism for limiting the flow to a predetermined 
fixed maximum when the IV container is relatively 
full and for automatically reducing .the fluid flow 
to a predetermined lower flow rate when the IV con- 
tainer is almost empty. 

It is another object of the present invention to 
provide an automatic intravenous flow regulator having 
primary high flow rate, and secondary low flow rate 
fluid paths, and having a primary membrane filter 
of selected pore size located therein with means to 
adjust the surface area of the membrane for princi- 
pally determining the primary flow rate, and having 
a secondary filter membrane of selected pore size 
and surface area for determining secondary flow rate 
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and having a mechanism for closing off the primary 
fluid path to the passage of fluid when the IV con- 
tainer becomes nearly empty, and utilizing the hydro- 
philic quality of the primary and secondary membranes 
5 to block the passage of air through these membranes 
when they are no longer in contact with fluid and 
utilizing also the filtration properties of the mem- 
branes to completely filter the IV fluid infused to 
the patient, 

10 

Still another object of the present invention is to 
provide an intravenous flow regulator having a pri- 
mary membrane filter of selected pore size and effec- 
tive surface* area so as to provide an IV flow rate 

15 commensurate with typical IV infusions and to provide 
filtration of particles and bacteria, and having a 
secondary membrane filter of selected pore size and 
effective surface area to provide a low flow rate 
and to provide particle and bacteria filtration and 

20 having a means for stopping flow through the primary 
membrane when the level of fluid in the IV container 
reaches a predetermined threshold level. 

It is yet another object of the present invention 
25 to provide a flow regulator utilizing integral tubu- 
lar flow paths of chosen diameter and length to pro- 
vide predetermined fluid flow rates in dependence 
upon the level of parenteral solution within the IV 
container. 

30 

These and other objects of the present invention, 
as well as many of the attendant advantages thereof, 
will become more readily apparent when reference is 
made to the following description, taken in conjunc- 
35 tion with the accompanying drawings. 



Figure 1 illustrates a first embodiment of the 
present invention inserted in an IV container; 
Figure 2 is an alternate embodiment of the 
present invention; 

Figure 3 is another embodiment of the present 
invention inserted in an IV container; 
Figure 4A is a cross section of the embodiment 
of Figure 3, taken along site line 4A-4A; 
Figure 4B is a cross section of the embodiment 
of Figure 3, taken along site line 4B-4B;. 
Figure 5 is a graph of a typical parenteral 
solution flow pattern when using the embodi- 
ment of the present invention illustrated in 
Figure 3; 

Figure 6 is another embodiment of the present 
invention inserted in a plastic collapsible IV 
container; 

Figure 7 is a cross section of the embodiment 
of Figure 6, taken along site line 7-7; 
Figure 8 is a cross section of the embodiment 
of Figure 6, taken along site line 8-8; 
Figure 9 is a cross section of the embodiment 
of Figure 6, taken along site line 9-9; 
Figure 10 is a cross section of the embodiment 
of Figure 6, taken along site line 10-10; 
Figure 11 is a side elevation of the sleeve 
portion of the embodiment shown in Figure 6; 
Figure 12 illustrates another embodiment of 
the present invention inserted in an IV con- 
tainer ; 

Figure 13 is a cross section of the embodiment 
of Figure 12, taken along site line 13-13; 
Figure 14 is a graph of the parenteral solu- 
tion flow pattern utilizing the embodiment of 
the present invention illustrated in Figure 
12; 
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Figure 15 illustrates another embodiment of 
the present invention; 

Figure 16A is a cross section of the embodi- 
ment of Figure 15, taken along site line 
16A-16A; 

Figure 16B is a cross section of the embodi- 
ment of Figure 15, taken along site line 
16B-16B; 

Figure 17 is a cross section of the embodiment 
of Figure 15, taken along site line 17-17; 
Figure 18 is a cross section of the embodiment 
of Figure 15, taken along site line 18-18; 
Figure 19 is an alternate embodiment of the 
baffle, or flow regulator plate shown in Figure 
15 17; and 

Figure 20 is an alternate embodiment of the 
membrane carrier shown in Figure 18. 

In Figure 1 the automatic flow regulator 10 of the 
20 present invention is shown having an integrally formed 
piercer and having the flow regulating means located 
entirely within the piercer and thus within an IV 
container. Figure 1 is a cross section in the plane 
of the drawing of a typical IV container and flow 

25 regulator so that the functional operation of the 

present invention may be seen more clearly and better 
understood. A typical IV solution container 16 is 
made of glass and the inventive device of the present 
invention may be inserted in the standard manner. 

30 The inventive flow regulator and piercer is provided 
with a sharp point 12 which may be easily inserted • 
into and through the conventional stopper or dia- 
phragm 14 of the IV container 16. When the IV solu- 
tion is generally at least at a level 18a or above, 

35 the IV fluid mainly enters the flow regulator through 
the valving means, shown generally at 19, below the 
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tip of the piercer 12. Specifically, fluid flows 
through the valve aperture 20, past valve float ball 
22 , down past tapered valve seat 24 and then down 
the primary infusion path 26 in piercer body 28. A 
5 small amount of fluid will also enter the piercer 
body 28 at a secondary infusion path which is pro- 
vided at 30 and is positioned in the piercer body 
28 so as to be just above the IV container stopper 
14 when the piercer has been fully inserted into 

10 the container. The secondary infusion path i9 dimen- 
sional such that it will permit only a slow flow 
rate. For example, approximately 25 ml per hour of 
IV fluid through the secondary infusion path will 
provide the desired function of maintaining fluid 

15 flow and preventing a clot formation in the IV catheter. 
While the infusion path 30 takes the form of a small 
pinhole, it can be considered as a tube, for its 
length is greater than its diameter. The dimensions 
of the fluid path in the secondary infusion path 

20 are selected by application of Poiseuille's formula 
relating flow through a tube to the pressure and 
viscosity of the fluid and to the radius and length 
of the tube: 

25 45 •I • 

F= flow rate through the tube, 

P= hydrostatic pressure of the fluid, 

^ = viscosity of the fluid, 

30 L= lfength of the tube, and 

R= radius of the tube. 

In applying this formula, for example, a secondary 
flow of 25 ml per hour will be achieved with an IV 
35 infusion fluid height of 95 cm at level 18b, a typical 
IV viscosity of 0.01 poise, a secondary path length 
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of 2 mm, and a secondary path diameter of 0.0874 
mm. 

Fluid flowing through the secondary infusion path 
5 30 will then combine with the fluid supplied through 
the primary infusion path 26 to flow down a combined 
infusion path 32 past a drop former 34 and into a 
drip chamber 36. The fluid is then supplied from 
the drip chamber 36 through IV tubing 38 past the 

10 tubing clamp 40 and then to the patient. A typical 
drop is shown at 42 and a fluid level in the drip 
chamber at any one time is represented at 43. The 
flow rate. may be adjusted by clamping the tubing 38 
with the tubing clamp 40 until the desired number 

15 of drops per minute are produced at the drop former 
34. Conventionally, the orifice of drop former 34 
is so sized that there are about 15 drops per milli- 
liter of fluid. Therefore, a drop rate of 15 drops 
per minute gives a flow rate of 1 ml per minute or 

20 60 ml per hour. 

The diameter of the piercer body 28 is chosen so as 
to be compatible with existing IV container stoppers. 
Typically, such stoppers are adapted to accept, in 

25 one case, a 6.5 mm diameter piercer and, in another 
case, a 5.5 mm diameter piercer. Similarly, the 
height of the piercer body or length should be 
chosen such that when the fluid level in the IV con- 
tainer falls to such level, as shown generally at 

30 18b, or just below the inlet apertures- 20, a small 

amount of fluid will still remain in the IV container 
and will be about 25 to 50 ml. 



In order to prevent air from entering the primary 
35 infusion path when the fluid level drops to level 

18b, a float ball valve is provided* The float ball 
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22 seats on tapered valve set 24, and the ball 22 
is chosen to have a specific gravity less than the 
IV fluid, so that it will float in the IV solution. 
In Figure 1, the ball 22 is shown floating when the 
fluid is at the level at 18a and in this manner the 
fluid will pass by the valve apertures 22 and will 
flow into the primary infusion path 26. when the 
fluid level drops to level 18b the ball, shown in 
dashed outline at 22', will seat on the valve, seat 
24, thereby preventing the entry of air into the 
primary infusion path 26. This is an important 
feature provided by the present invention, since if 
air were to enter the system it would interrupt the 
continuity of fluid infusion, especially in the IV 
tubing 38, and alter or even stop the IV solution 
flow. In addition, this air could possibly enter 
the patient's blood stream. 

In order to prevent airlock inside the IV container 
when the inventive flow regulator is used with an 
unvented rigid IV container, an air entry system, 
shown generally at 44, is provided. This air entry 
system allows air to enter the IV container and has 
an air filter 46 to prevent dust, and other particles 
or the like from contaminating the IV fluid. The 
air entry system also includes a ball valve 48, to 
prevent IV fluid from flowing out the air entry 
system, an air entry channel 50 located within the 
piercer tube 28, and an air outlet 52 at the end of 
channel 50. 

Presently, there are commercially available vented 
rigid IV containers, and collapsible plastic. IV con- 
tainers. These IV containers generally require no 
venting or air entry system. Nevertheless, the 
inventive flow regulator with its air entry system, 
can be effectively used with * such containers. 
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It is contemplated that all structural parts of the 
inventive flow regulator which are located above 
the drip chamber will be made of rigid plastic or 
other material which has been approved by the United 
5 States Food and Drug Administration (FDA). Addi- 
tionally, the drip chamber 36 and IV tubing 38 are 
made of clear flexible FDA approved plastic which 
has a memory, i.e., will return to its original 
shape after any deformation. All joints in the 
10 assembly of the present invention are sealed by an 
FDA approved adhesive, solvent, or a suitable heat 
sealing method. 

In operation, the embodiment of Figure 1 functions 
15 as set forth below. Initially, the stopper 14 of a 
fresh IV container 16 is pierced with the piercer 
tip 12 and piercer 28 is fully inserted in the bottle. 
The bottle is then inverted and suspended on a support 
stand (not shown). The associated IV tubing 38 is 
20 clamped by clamp 40; the drip chamber 36 is squeezed 
to force air out of the chamber into the IV bottle 
16 and to permit fluid to flow into the drip chamber 
from the IV bottle. The tubing clamp 40 is released 
until fluid flows out of the distal end of the IV 
25 tubing, ensuring that no air is in this infusion 
tubing. The IV tubing clamp 40 is then closed, an 
IV catheter inserted into the patient, and the 
tubing connected to the IV catheter and finally the 
tubing clamp 40 is adjusted to regulate the infusion 
30 rate. The infusion rate may be monitored then by 
counting the rate of drop formation at the drop 
former 34. 

When the IV container contains sufficient fluid, 
35 such as shown at level 18a, the fluid infusion is 
supplied mainly through apertures 20 of the valve 
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mechanism 19 and thence primary infusion path 26; 
only a relatively small amount of fluid will be 
supplied through the secondary path 30. However, 
when the fluid level drops from continued infusion 
to level 18b, ball valve 19 is so positioned that 
any entry of fluid into the primary infusion path 
26 ceases, and entry of air down this same path is 
prevented. At this time the fluid infusion rate 
automatically decreases drastically, since fluid is 
supplied to the patient only through the relatively 
small secondary path 30 at a slow rate, approxi- 
mately 25 ml per hour, which is intended, as 
described above, to maintain fluid flow and avoid 
catheter clotting. 



As mentioned above, the length of the piercer 28 is 
chosen such that when the piercer is fully inserted 
into the bottle 16 about 25 to 50 milliliters of 
fluid will remain in the IV container when the fluid 
level is as represented generally at 18b, that is, 
approximately the level of the valve apertures 20. 
Since the secondary flow rate is desired to be about 
25 ml per hour, the attending medical personnel have 
approximately 1 to 2 hours then in which to replace 
25 the nearly empty iv container before* the infusion 

stops and clotting of the IV catheter becomes a prob- 
lem. Thus, this device extends from a few minutes 
to almost 1 to 2 hours the time the medical personnel 
have to replace the used IV container with a fresh 
10 one. Obviously, by increasing the length of the 
piercer 28 slightly, more fluid will remain in the 
IV container, i.e., when level 18b is reached and 
thus the duration of the extended infusion at a 
slow rate will be even longer. 



In the embodiment of Figure 1, the primary flow 
rate is essentially unrestricted, and a typical 



nnnn.14 

IV infusion rate is set by a roller clamp 40 on the 
IV infusion tubing iS. However, by constricting the 
diameter of the primary flow path 26, regulation of 
the primary flow rate may be achieved. Therefore, 
S no roller clamp will be needed and a variation in 
flow rate is achieved simply by adjusting the height 
of the IV container relative to the patient. For 
example, with the bottom of the IV container approxi- 
mately 90 centimeters above the patient, the average 

10 fluid level is about 100 cm above the patient. Again 
using Poiseuille's formula, a primary fluid path of 
3 cm length and 0.24 nun in diameter will restrict 
the primary flow rate to 100 ml per hour. This, in 
connection with the selected secondary flow rate of 

i5 25 ml per hour will provide a total flow rate of 

125 ml per hour, a rate typical of most IV infusions 
in adults. Once again, variation in this rate is 
easily achieved by changing the height of the IV 
bottle relative to the patient. Since flow rate 

20 changes in direct proportion with IV infusion 
height relative to the patient, a 10% change in 
height will result in a 10% change in flow rate. 
Additionally, flow rate is quite constant and 
decreases only about 1 to 2% per hour, based solely 

25 on the fall in height of the IV fluid level due to 
depletion caused by the continued infusion into the 
patient. 

In Figure 2, another embodiment of the inventive 
30 device is shown. Because, as described above, it 
is not always necessary to employ an air entry 
system, the embodiment of Figure 2 is shown without 
such air entry system. Upon insertion of the embodi- 
ment of Figure 2 into a full IV container, the IV 
35 fluid will enter the primary infusion path 26 after 
flowing through the valve apertures 20. Fluid then 
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flows past a flow regulating tube 54 and then through 
the drop former 34 into the drip chamber 36 and on 
into the IV tubing 38- A small amount of IV fluid 
will also enter into the secondary fluid inlet 56 
5 which is so positioned as to reside just above the 
container stopper. Fluid then enters the secondary 
fluid channel 58 and flows through a flow regulating 
tube 60 and then into the drop former and so on. 
The dimensions of the flow regulating tube 54 are 

10 so chosen as to limit the total fluid flow to a- rate 
typical of most infusion rates. The dimensions of 
the flow regulating tube 60 are so chosen as to 
limit the fluid flow to a slow, keep-open rate when 
the fluid level in the IV container is below the 

15 valve apertures 20, i.e. f level 18b in Figure 1. 

As an example, again applying the formula set forth 
above, a primary flow regulating tube 54 which is 2 
cm long and having an internal diameter of 0.217 mm 

20 would provide a flow of 100 ml per hour with an IV 
fluid of the conventional viscosity and a conven- 
tional fluid head of 100 cm relative to the patient. 
A secondary flow regulating tube 60 then, which is 
also 2 cm in length but with an internal diameter 

25 of 0.155 mm, would provide a slow flow of 25 ml. per 
hour when the IV fluid is 95 cm above the patient. 
Therefore, when the IV fluid is above the tip of 
the piercer, the fluid flow rate will be approxi- 
mately 125 ml per hour and about 25 ml per hour 

30 when the IV fluid level has dropped below the aper- 
tures 20. The flow regulating tubes 54, 60 are 
preferrably constructed of metal or some other dimen- 
sionally stable material so that the dimensions can 
be accurately and reproducibly manufactured. These 

35 tubes are then positioned and sealed in place in 
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the assembly by some suitable FDA approved adhesive 
61 or the like. The other elements of the inven- 
tive flow regulator of Figure 2 may be constructed 
of similar materials as disclosed in relation to 
5 Figure 1. 

Thus, in this embodiment, both the primary and second- 
ary flow rates are regulated. Minor adjustments to 
flow may be made by adjusting the height of the IV 

10 infusion supply above the patient. In all other 
respects, this embodiment operates as does the 
apparatus disclosed in Figure 1. It should be 
noted, however, that, if the secondary infusion path 
were eliminated entirely, then the device of Figure 

15 2 would function simply as an infusion rate flow 
regulator, providing accurate infusion rates which 
decrease only approximately 1 to 2 percent per hour 
based upon the depletion of the fluid level due to 
continuous infusion. However, the extended-infusion 

20 function will not be provided. 

In Figure 3 another embodiment of the inventive flow 
regulator with integral piercer is described. Once 
again, the flow regulating means is located entirely 

25 within the IV piercer and hence within the IV con- 
tainer during operation. In the embodiment of Figure 
3, a membrane filter and flow regulating means 62 
is employed to allow the passage of fluid from the 
IV container into the primary infusion path 26. A 

30 membrane filter 64 defines the secondary fluid path. 
The manner in which the membranes 62 and 64 are 
attached to the piercer body 28 of the inventive 
flow regulator and piercer will be shown in more 
detail in Figures 4A and 4B below. 
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in Figure 4A, a cross section of the inventive piercer 
of Figure 3 is shown taken along site line 4A-4A 
The primary path membrane 62 is affixed to three 
sides of a cross-shaped primary support structure 
76 which is formed as part of the piercer tube 28 
The membrane is attached to support 76 at each point 
of contact and especially on the ends by means of 
an adhesive, solvent, or heat seal approved for intra- 
venous use by the FDA. The membrane 62 is similarly 
sealed at the bottom to a surface of the piercer 
body 28 and at the top edge to another bottom surface 
of the piercer tip 12, which is firmly affixed to 
the top of the support structure 76. In this way 
an air-tight seal of membrane 62 with the structural 
15 parts of the device may be achieved. The membrane 
62 is slightly recessed from the outside edge of 
the piercer tip 12 and the piercer body 28 so as to 
protect the membrane as the piercer is introduced 
into the IV container. The open quadrant 77 of the 
support structure is provided to permit an outlet 
for the exit of air from air channel 50. 

In Figure 4B, a cross section of the apparatus of 
Figure 3 is shown taken along site line 4B-4B wherein 
the secondary path filter membrane 64 is mounted on 
a recessed shoulder 80 of the piercer body 28. Two 
lines of the support structure 76 of Figure 4A con- 
tinue down piercer body 28 to define a septum 78 
which separates the fluid paths 26 and 32 from the 
air entry channel "50. It is desired that the second- 
ary path filter membrane 64 be in a gen erally ci rcular 
shape and it may be affixed in_ an air-Sgto^aTgT^ 
to the recessed s~houlder 80 by~^ans of some suitab ly 
appro ved adhesive or the like . The shoulders 80 
arfprovided to be recessed within the body 28 by 
such an amount so that the filter membrane 64 will 
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not be abraded when the flow regulator is inserted 
into an IV container. 

The membrane filters 62 and 64 provide filtration 
5 of the IV fluid, and membrane filters having 0.2 to 
0.45 micron pores provide essentially complete filtra- 
tion of bacteria and other foreign particles present 
in the fluid. In addition, these membrane filters 
are provided as being hydrophilic and, at usual IV 
10 • infusion pressures and after becoming wet, they permit 
the passage of fluid but not air. Thus they will 
function as valves, closing off the infusion paths 
to the passage of air when fluid no longer is in 
contact with the filter. In addition, these mem- 
15 brane filters 62, 64 can be used to provide flow 
rate regulation, since flow through these membranes 
is proportional to the height of the IV infusion 
relative to the patient, i.e., the fluid pressure 
head, the pore size of the membrane filter and the 
20 effective surface area of the membrane. 

Several hydrophilic membrane filters are commer- 
cially available and have been approved for use in 
intravenous systems by the FDA. Examples of such 

25 filters suitable for use in the present invention 
are those known as the Millipore 0.22 micron, type 
MF (GSTF), and Millipore 0.45 micron, type MF (HATF), 
all manufactured by the Millipore Corporation. Other 
membranes which may prove suitable for use in the 

30 present invention are those known as the Acropor 
0.2 micron, type AN-200, and Acropor 0.45 micron/ 
type AN-450, manufactured by the Gelman Instrument 
Company. 



35 Referring once again to Figure 3, the operation 
the particular embodiment will now be described. 
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Initially, the stopper 14 of a fresh IV container 
16 is pierced with the tip 12 of the inventive 
device and the piercer body is fully inserted 
within the IV container. As described above rela- 
tive to Figure 1, the bottle is then inverted and 
suspended on its support stand so that the stopper 
of the bottle is approximately 90 cm above the patient 
The drip chamber 36 is then squeezed and the IV tubing 
clamped shut with a suitable roller clamp or the 
like so as to create a negative pressure within the 
drip chamber which serves to draw the iv fluid past 
the membranes 62 and 64 and into the interior of 
the piercer tube 28. The fluid then flows past the 
drop former and into the drip chamber. At this point 
the tubing clamp is released and the fluid flows 
slowly down the tubing 38. As the fluid flows further 
down the tubing, it will flow at a progressively 
higher rate since the fluid hydrostatic pressure 
will increase with the increasing vertical length 
20 of fluid column, when the fluid flows out the 

distal end of the IV tubing 38, a clamp is closed, 
an IV catheter inserted in the patient, and the 
tubing is connected to the catheter. The clamp is 
opened. Then fluid begins to flow to the patient. 
25 When the inventive device is utilized with an .. 
unvented rigid container, air is fed into -the IV 
container by way of the air entry system 44 in 
order to replace the fluid which has been infused 
and thus prevent air lock. 
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Since the relative area of membrane 62 is much larger 
than the area of 64, when the IV container fluid 
level is at level 68 or above, the majority of fluid 
will flow through membrane 62 and only a small amount 
of fluid will be supplied through membrane 64. As 
the fluid level falls to level 70 and, then to level 
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72, progressively less and less fluid will be passed 
through membrane 62 since less of the area of mem- 
brane 62 will be exposed to the fluid. However, 
since membrane 62 is designed to maximally pass fluid 
5 at a much greater rate than that which is normally 
infused, there is no significant decrease in the 
usual set flow rate of the infusion until the fluid 
almost reaches level 72. As indicated in Figure 3, 
at level 72 membrane 62 will be completely exposed 

10 to the air and no longer exposed to fluid. Therefore, 
the sole sburce of the infusion is through membrane 
64, whose area and pore size are so selected as to 
limit the infusion rate to a slow rate, for example, 
between 15 and 35 ml per hour. The dimensions of 

15 the piercer are so chosen that when the fluid reaches 
level 72 only a small amount of fluid, e.g., about 
25 to 50 ml of fluid, will remain in the IV container. 
Therefore, with a flow rate of about 25 ml per hour, 
the infusion is extended for approximately 1 to 2 

20 hours longer than would normally be the case. This 
allows the attending medical personnel sufficient 
time to replace the IV container with a fresh one 
before the infusion stops. When a fresh IV container 
is added, because membranes 62 and 64 are hydrophilic, 



25 the device is still fully primed and is once again 
ready for use. 

Figure 5 is a graph of calculated flow rates plotted 
against the fluid levels as indicated in Figure 3. 
30 Data for this graph was obtained with a Millipore 
0.45 micron filter, type MF. The area of this mem- 
brane, which corresponds to membrane 62 in Figure 
2 

3, was 305 mm , and the area of membrane 64 was 8 
2 

mm . Referring then to the graph of Figure 5, the 
35 solid line represents the maximum flow rate which 

was achieved through the device when the IV container 
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leTthe W xv POSiti ° ned 90 ^ P*i«t. 
When the iv container was full the n,,^ , , 

rr ateiy no - — - r 

mum flow ratf» wc " e maxi- 

uw rare was then approximately 1130 ml ™ r 

ievei fei1 *• * 

tha patLt T aPPr ° XiMte ^ "0 cm above 

he patient, the maximum flow rate then decreased 
to approximately 1025-1030 ml per hour 71 
which was due solely to the a n decrease 
.0 and thus fluid hydro's at c pres u « "t^T 

fluid level 68. membrane 62 was "ust h ? ' 
with the fluid and the fluid « * ■ 

IS wi^ ' iD *"* maXi " M »te. since 

and th infUSi ° n b0th «* 1-el 

had d 6 merabrane ^osed to the fluid 

half J*"" reaCMn9 leVel °nly one 

and tn them6nbrane 62 — <*P°sed to the fluid 
and the maximum flow rat. <->,„,»* 
20 tiallv in h,„ . therefore was cut essen- 

tially i„ half to approximately 500 ml per hour 
»POn reaching level 72. the memhrane 62 was longer 

wasZH n ith , the flUid aM "° flUid ^-fore 
-as passed by it. At this point, the sole source 

25 n2 , " flUid was menbran * H d 

iluid only at the rat-* r.p oc ■» - 
level 72 thAr 1 Per h ° Vr ' Belo » 

1711 I ^ rate decreas ^ only slightly due 

to the fall xn infusion level to about 24 ml per 
hour :ust above level 74. when level 74 was 
^ reached the infusion stopped completely. 

Since the typical IV infusion rate is only about 
125 ml per ho ur, a rate much lower than the maximum 
rate as set by the membrane 62, this typical rate 
is then usually set by a roller clamp or the like 
35 portioned on the IV tubing. However, as may be 
seen from the dashed lines of Figure 5 representing 
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the typical flow rate set by a roller clamp, this 
rate tends to decrease with time as much as 60% in 
one hour due to the above-mentioned problem of cold 
flow of the plastic tubing. Accordingly, this 
decrease requires frequent visits by the medical 
personnel to readjust the rate to the desired 125 
ml per hour. This adjustment is indicated by the 
arrows just beneath the vertical portions of the 
dashed lines of Figure 5. In any event, as this 
infusion rate continues, when the membrane 62 is 
almost completely uncovered as the fluid reaches 
level 72, the infusion rate decreases to the slow 
rate which is set by membrane 64. This slow rate 
extends the IV infusion time for approximately one 
to two hours. 

Additionally, the device in Figure 3 is able to be 
adapted so as to regulate both the primary and second- 
ary flow rates and therefore avoid the use of tubing 
clamps. In order to provide such an adaptation, it 
is only necessary that membrane 62 be sized such 
that its effective surface area, which is presented 
to the fluid, is such that it limits the primary 
and, therefore, the total flow rate. Since flow 
through these membranes is proportional to the pore 
size, the effective surface area presented to the 
fluid, and the height of the infusion level rela- 
tive to the patient, i.e., the fluid pressure head, 
accurate flow rate regulation may be easily achieved 
by. the use of the present invention. For example, 
when utilizing the Millipore 0.45 micron membrane * 
with an effective surface area of 30.5 mm 2 , an effec- 
tive flow rate of 100 ml per hour is achieved. 
When combining this with a secondary flow rate which 
has been selected at 25 ml per hour, a total flow 
rate of 125 ml per hour at an average fluid height 
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' 5 by the dotted Ctn! "t^™ Fi *>~ 

-uir »i P e, £™ ::™ 1 ri n at a ~- 

revels with the depletion of the fluid from «, 
continued infusion, when membrane 6 i " 
uncovered, at reaching level 72, the seconl^ 
aembrane 64 becomes the sole source of infusion 
and performs as described above. lnfusi °n, 

and^h b V PPreGiated the graph of Figure 5 

and the above discussion that uh c n 
the errata ' hen coro Pared with 

the erratic flow rates provided by the tubing damn 
the use of the present invention to regulate the 
> primary flow provides a marir^ • regulate the 
o-u . *"-"viaes a marked improvement over 

the previously known system. Additionally Z 
mentioned above, the flow rate can also easily a„„ 

Figure 6 shows .mother' embodiment of the present 
~ sl »"« to that shown in Figure ■ a ^d in 
whrch the inventive flow regulator and^er P ro- 

solely wLTir 10 " aPParStUe WMCh " e ^ 
tte v l„T n IV CCPtai »~- P» this embodiment. 

Wasric cent " « « "exible 

Piastre container at 16-:. The inventive flow regu- 

istcacedT^ 82 whlh 

path 1, 6 as comp; etely surround tte P ri ™"y 

path frlter membrane. This sleeve 82 is provided 
li^rT feneStrati <™ op windows 84 which per- 
il t0 C ° me lDtl COntact the primary 
membrane 62. Ihe fenestrated sleeve 82 protects 
the primary path membrane (2 during the step of 
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inserting the inventive device through the stopper 
or diaphragm 14' of the IV container 16'. However, 
the sleeve 82 is not intended to be in intimate con- 
tact with membrane 62; it is of a larger diameter, 
thereby permitting the fluid to come into contact 
with the entire surface area of the primary membrane 
62. If the sleeve 82 were to be in fluid-tight con- 
tact with the membrane, then the surface area pro- 
vided by the holes 84 would have to be sufficient 
to permit, the desired primary flow rate. The embodi- 
ment of Figure 6 is not provided with an air entry 
system, since this system is not usually necessary 
with a majority of iv containers presently in use. 

Figure 7 is a cross section of the inventive flow 
regulator and piercer of Figure 6 taken along site 
line 7-7 m the plane of the drawing. The piercer 
head 12 is solid and has a reduced shoulder suitable 
for affixing the membrane 62 and sleeve 82 thereto 
The space between the sleeve 82 and the membrane 62 
is shown typically at 94. Two of the several fenes- 
trations or windows 84 are also seen in the sectional 
view. The piercer tip 12 is firmly affixed to mem- 
brane support 76; the membrane 62 and sleeve 82 are 
25 sealed both to air and fluid with the shoulders of 
the piercer tip 12 in a suitable FDA approved manner. 

Figure 8 is a cross section view taken along site 
line 8-8 in Figure 6 and extending perpendicular to 

30 the drawing. In this figure, the inner support struc- 
ture 76, which may be formed integrally with the 
Piercer body 28, supports the primary path membrane 
filter 62 at the four points of contact. The membrane 
itself is formed at a sleeve which is surrounded by 

35 the fenestrated plastic sleeve 82. The space between 
the membrane . 62 and the sleeve 82 is shown typically 
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at 94. The primary fi uid path x - 

four open quadrants of tht iL! ^ by 

ture 76 which are bounded ^^f^ ^ 
62. Primary flu.H «n Primary membrane 

» "tea by 2 arrows a"" « *■ inCi- 

- this support S ; S U „ e ^ can be sealed 

«xy. since the nettbrane J '^f «>* neces- 
and is sealed at hntK , formed as a sleeve 

manner. ln an air a nd fluid tight 

10 

this location witt a Ihe / lerCer 2« !• 

for* sho,„„ 3 rMUCe<i ««t«r so as to 

« «p 12 of" " T ^ *° «— = h ™> « the piercer 
r ui ngure 7. These shoulders arv. t-w 
to support and to seal therewith th. f 
»d the fenestrated sleeve 82 ™ T™ " 

*- in close -zr^-rsif , r 

be otherwise ti X arfSedT^ b °* 28 ° r Sh ° Uld 
fluid path 19 i™ I thereto. The primary 
u patn 19 is now formed by the f nnr 1 
25 rants of the support structure^ 76 „h , ? 9 " ad " 
bounded by the shoulderT sllltft T "° H 
Plane o, the cross Motl^^'^.^-f 

Figure 6. 5660 m ° re clearl * ln 

d F evl r e S r°v " * SeCU ° n ° f tt * "ventive 

35 IT , al0n9 SUe 1106 10 -" « Figure 6 

35 Secondary ^eabrane 64. which is preferabl^ circular 

» shape. 1S intended to be sealed to both aTand 
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fluid at the circular recessed support surface 98 
in the sidewall of the piercer body 28. As indi- 
cated by the arrows typically at 99 the fluid from 
the IV container will flow through this secondary 
membrane 64 and will combine with the fluid which 
is now flowing down the primary infusion path 19; 
thus, at the level of the secondary membrane 64, 
the primary infusion path 19 will become the com- 
bined infusion path 32. 



Figure 11 shows the fenestrated sleeve 82 of Figure 
6 in more detail. The relative size and location 
of the fenestrations or windows, shown typically at 
84 are also seen. Preferably there are three fenes- 
15 trations per quadrant, one in the top, the middle, 
and the bottom of the sleeve. In this manner, the 
preferred embodiment employs 12 fenestrations which 
permit the liquid to pass through. A typical diameter 
of the fenestrations is approximately 2 mm. The sleeve 
is preferably made of a clear rigid plastic which 
is approved by the FDA for use in IV infusions. 



In operation, the embodiment of Figure 6 functions 
exactly as the embodiment shown in Figure 3, with 
the one exception that, because the air entry system 
is not provided, the embodiment of Figure 6 will not 
operate properly in a rigid, unvented iv container. 
Additionally, as described in relation to the embodi- 
ment of Figure 3, the primary membrane may be chosen 
with dimensions so that it can provide an effective 
area which will limit the primary flow rate and, - 
therefore, the total flow rate to a rate typical of 
the conventional IV infusion rates. 



35 Figure 12 is another embodiment of the present inven- 
tion. In this embodiment the filtering, valving, 
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and flow regulating mechanisms are located pri- 
marily exterior to the IV container, m the embodi- 
ment of Figure 12, a piercer is provided and has a 
sharp tip 100 for piercing the IV container stopper 
or diaphragm. Arranged proximate this tip 100 is 
the primary flow path inlet 102, through which the 
IV fluid flows into the primary fluid path 104. 
This fluid path then continues down the piercer shaft 
and into a primary flow chamber 105 on the right 
side of the body portion of the flow regulator, which 
is shown generally as 106. 
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Located further down the piercer shaft at a position 
slightly above the IV container stopper innermost 
surface is a secondary fluid inlet 108, through 
which the IV fluid may enter and flow into a second- 
ary fluid path 110. The secondary fluid path 110 
then continues down the piercer shaft and into the 
secondary flow chamber 111 located on the left side 
of the body portion 106 of the flow regulator. Also 
formed as part of the piercer shaft is an air outlet 
112, which is part of the air entry system 44, which 
will be required in any rigid or nonvented IV con- 
tainer. A septum 114 is formed by the construction 
25 of the various flow paths and serves to separate 
the primary fluid path 104 and chamber 105. from the 
secondary fluid path 110 and its respective chamber 
111. Similarly, a septum 116 separates the primary 
fluid path 104 from the air entry system 44 to pre- 
30 vent communication- therebetween. A stop 118 is pro- 
vided towards the lower part of the shaft of the 
piercer and encircling the shaft of the piercer so 
as to allow accurate positioning of the piercer in 
the IV container. The stop 118 is intended to abut 
35 the outer portion of the bottle stopper or diaphragm 
14. Inside the body portion of the flow regulator 



- 30 - 

0001114 

106 is a membrane carrier element 120 which has 
mounted therein, as well as sealed thereto, a pri- 
mary flow regulator and hydrophilic filter membrane 
122. A secondary flow regulator and hydrophilic 
5 membrane filter 124 is also mounted in and sealed 
to the membrane carrier element 120. if necessary, 
the membrane carrier 120 can be provided with sup- 
ports for the membranes such as the fenestrated 
membrane supports 126 and 128, which will be shown 

10 in more detail hereinbelow. Also provided in the 
flow regulator body 106 are two compressible domes, 
shown typically at 130, which are compressed after 
the inventive device has been inserted into an IV 
container in order to vent the air in the system 

15 out of the inlet 102 and 108, thereby permitting 
fluid to enter the primary fluid path 104 and cham- 
ber 105, as well as the secondary fluid path 110 
and chamber 111. such fluid then serves to wet the 
filter membrane 122 and 124 and thus to permit the 

20 flow of fluid to the patient. 

Referring now to Figure 13 the membrane carrier 120 
of Figure 12 is shown in more detail. As mentioned 
above, both the primary 122 and secondary 124 mem- 
brane filters are hydrophilic membranes, and these 
membranes, shown partially cut away in Figure 13, 
are positioned on the top surface of the membrane 
carrier 120 and are sealed thereto. Optional sup- 
port means may be provided to support the primary 
30 and secondary membranes from beneath. Such sup- 
ports may comprise fenestrated or strutted support . 
surfaces 126 and 128 which can be incorporated as 
part of the membrane carrier element 120. These 
support surfaces are designed to support the mem- 
branes without restricting fluid flow therethrough. 
Therefore, the effective areas of the membranes are 
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set by the sises of the apert „ es ^ ^ '114 
the earner element 120. and not by the area of the 

betST: ln tte support surfaces - " ^ 

lie Z ,« " re9ard to tte suppo " 

126 and 128, certain of toe membranes which are now 
commercrally available are provided with a nylon 
mesh or other supporting backing, in which casT the 
snpporT structures !26 and 128 would not be neces^ 
sary. The septum 114 which separates the primary 
now path 104 and secondary flow path Ho continues 
the length „f the piercer and abuts the top surface 
of the membrane carrier 120 in such a manner as to 
seal thereto, in this way, the separation between 
the primary and secondary fluid paths and chambers 
15 is accomplished. 

Additional^, although the embodiment of Figures 12 
and 13 discloses the membranes in a circular form, 
such form is not a necessity in order to success- 
fully practice the present invention. The membranes 
may take any convenient shape, with the only con- 
straint being a suitable surface area exposed to 
the fluid and a suitable membrane pore size so as 
to provide the desired flow rate. 

The .operation of the flow regulator as" embodied in 
Figures 12 and 13 will now be described. Initially 
the stopper 14 of a fresh IV container 16 is pierced 
with the tip 100 of the piercer and the inventive 
device is fully inserted into the IV container until 
it reaches the stop lis. The IV container is then 
inverted and placed on a conventional support stand 
The domes 130 are alternately compressed and released 
thereby forcing air out of the primary and secondary 
chambers 105, 111, up ^ primary and secondary pathg 
104, 110 and then into the IV container. The release 
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of the domes draws fluid down the primary and second- 
ary flow paths 104, 110 and into the primary and 
secondary chambers 105 , 111, thereby wetting the 
filter membranes 122, 124, making the membranes per- 
5 meable to the fluid. Once the membranes are wet 
and the air has been removed from the primary and 
secondary paths, the drip chamber 36 is compressed 
and an IV tubing clamp provided in the system is 
closed. This serves to draw fluid through the mem- 

10 branes and down into the drip chamber. At that time 
the tubing clamp is released and the fluid flows 
down the IV tubing 38; when the fluid flows out the 
end of, the tubing the device is connected to a suit- 
able IV catheter which has already been placed in 

15 the patient. As shown above, a roller clamp located 
on the IV tube 38 may then be adjusted to provide 
the required infusion rate. 



On the exhaustion of the supply of fluid in the IV 
20 container 16 the inventive piercer is removed and 

simply inserted into a fresh IV container. The domes 
130 are once again compressed and released so as to 
purge any air from the secondary and primary fluid 
paths and to allow fluid to enter the chambers. 
25 Since the membranes will not pass air, fluid will 
still remain in the IV set distal to the membranes 
and thus no priming of this part is required. 
Therefore, the device is ready for use with another 
fresh IV container. 

30 

In operation, when the fluid supply is generally at 
level 18a or higher, fluid enters both the primary 
fluid path and the secondary fluid path and flows 
through the respective membranes 122, 124 into the 
35 drip chamber 36 and thence to the patient. Since 
membrane 122 has a pore size and surface area 
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permitting a high flow rate when the fluid is at 
level 18a or above, fluid flow rate is adjusted and 
regulated by a tubing clamp or the l ike located on 

c Jl*^ 38 • H ° WeVer ' ° nce the fluid l«vel falls to 
18b, fl Uld no longer enters primary fluid inlet 102 
and the sole source of the infusion is through the 
secondary inlet 108. The pore si 2e and surface area 
of secondary membrane 124 are chosen so as to limit 
the fluid flow to a low rate, that is, . rate suffi . 
10 cient to prevent clotting of the intravenous catheter. 
Addxtxonally, the length of the piercer is such that 
sufficient fluid will remain in the IV container 
when the fluid level is at 18b, so as to provide 
about one to two hours of continued infusion at the 
15 secondary flow rate. Since both membranes 122, 124 
are hydrophilic and do not pass air once they have 
become wet, the membranes 122, 124 will perform a 
valvmg function by nature of their hydrophilic 
qualities and the position of the primary and second- 
ary fluid inlets. Additionally, air will not enter 
the drip chamber through either membrane, thus pre- 
venting the possibility of air emboli to the patient. 
Also, the membranes provide a filtering function 
since all of the IV fluid infused into the patient 
must pass through either the primary or the second- 
ary membrane before it reaches the patient.- 

The flow pattern of the Figure 12 regulator is illus- 
trated in Figure 14. Fluid flow rate declines abruptly 
when the fluid reaches the threshold level 18b. 
This is because the entire primary membrane will be 
exposed to air at one time when air enters the fluid 
inlet 102 and proceeds down the fluid path 104 and 
into primary chamber 105. For example, using a Milli- 
pore 0.22 micron filter, type MF, having a 378 mm 2 
area for the primary membrane 122 and a 19 mm 2 area 
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for the secondary membrane 124, a maximum flow rate 
(shown in solid line) of approximately 525 ml per 
hour is possible when the IV fluid level is approxi- 
mately 100 cm above the patient and above level 18b. 
5 This is four times greater than the usual IV flow 
rate. In any event, once the liquid fluid level 
falls to level 18b, the flow rate will decrease auto- 
matically to only about 25 ml per hour. 

10 It may be seen that, by choosing the correct dimen- 
sions of the embodiment of Figure 12, the inventive 
flow regulator may easily regulate both the primary 
and secondary flow rates and therefore avoid the 
use of inaccurate tubing clamps which would be neces- 

15 sary in a system which could deliver 525 ml per hour. 
For example, using a Millipore 0.22 micron, type 
MF, filter membrane only 76 mm 2 for the primary mem- 
brane and an 19 mm for the secondary membrane , and 
assuming the typical infusion height of 100 cm, a 

20 total flow rate (shown in dashed line) of only about 
125 ml per hour will be provided when the fluid level 
is above 18b. The fluid rate will then drop to 25 
ml per hour when the fluid level is below 18b. As 
mentioned above in relation to Figure 5, this type 

25 of flow regulation is much more accurate and stable 
than that which may be provided by the use of a 
tubing clamp or the like and, in the present inven- 
tive flow regulator, the set flow rate will decrease 
only approximately one to two percent per hour. 

30 Additionally, as mentioned above, the flow rate may 
be easily and accurately adjusted simply by raising 
or lowering the IV container relative to the patient 
and thereby changing the fluid pressure head. 

35 Figure 15 is another embodiment of the inventive 
flow regulator and piercer wherein the filtration 



- 35 - 



30 



35 



.nun 0001 U4 

• and ^flow ^regulation apparatus are located exterior 

rln\ COntainer ' In «*• ^odiment, the flow 
regulatron and filtration unit is essentially circu- 

5 ~ V S C ° nStrUCted of * top and bottom portion 
5 arranged so as to permit the two pieces forcing the 
body to rotate in relation to each other. In thx S 

L a L a h w ? be descri * ed below - «* «~ i- 

lated by changing the effective surface area ofthe 

10 once"^ meWbrane * ^ b ° d ^ 28 is P-ideT 

10 once agaxn wxth a sharp tip loo for piercing the IV. 

container stopper, and located adjacent this sharp 
tip is a primary fluid inlet 102 which permits fluid ' 
to flow xnto the primary fluid path 104 and subse- 
quently xnto the primary chamber 105. The fluid 
then xs passed by the primary membrane filter 136 
before bexng introduced to the patient. Located at 
a poxnt further down the piercer shaft 28 from the 
prxmary fluid inlet 102 is a secondary inlet 108 
whxch permits fluid to enter and flow down the second- 
ary fluxd path 110 thence into the secondary chamber 
HI. Once again a secondary filter membrane 138 is 
Provided in the fluid path prior to its being fed 
to the patient . A septum 1M separates ^ 

and secondary fluid paths and chambers. An air 
entry system 44 is provided in this embodiment which 
as xdentxcal to that shown in the embodiment of 
Figure 12. The piercer body 28 has a portion having 
a larger diameter 140 so as to form a shoulder which 
then may abut the IV bottle stopper or diaphragm. 
Thxs serves to set' the amount of penetration of the 
Piercer into the IV container. As mentioned above 
the body of the inventive flow regulator is provided 
wxth an upper portion shown generally at 142 which 
includes an outer housing surface 144 within which 
are fixed two hydrophobic membrane filters, shown 
typxcally at 146 and sealed in place by sealing 
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rings 147. These hydrophobic membranes 146 will 
allow the venting of air out of the primary and 
secondary flow paths and chambers and thereby per- 
mit the fluid to enter the primary and secondary 
5 flow paths and chambers in order to wet the respec- 
tive membranes. Additionally, the upper portion of 
the flow regulator 142 is provided with a flow regu- 
lating plate 148 which has a primary fluid aperture 
150 and a secondary fluid aperture 152. Flow regu- 

10 lating plate 148 is sealed to the septum 114 so that 
primary and secondary fluid paths and chambers will 
remain separated at all times. A circumferential 
locking lip arrangement shown typically at 154 is 
provided in order to keep the upper body portion 

15 142 permanently attached to the lower portion, which 
is shown generally at 156. The lower portion 156 
has outer walls 158 which serve to collect the fluid 
and channel it to the drip chamber 36 which is attached 
to the outer walls of the lower portion. Also mounted 

20 in the lower portion 156 is a membrane carrier 160, 
which forms a liquid tight seal with the flow regu- 
lating plate 148. Primary membranes 136 and secondary 
membrane 138 are mounted in slight recesses in the 
membrane carrier 160 and are sealed therein. These 

25 membranes are so fixed such that a flat surface will 
be formed with the upper surface of the membrane 
carrier 160. Additionally, beneath membrane 136, 
membrane carrier 160 has formed as an integral part 
a membrane support 162 which serves to support the 

30 membrane 136 yet allow the passage of fluid there- 
through. The lower portion 156 is formed with a 
circumferential raised lip 164 which projects up 
into the upper body portion 142 and is intended to 
coact with a corresponding lip 154 of the upper 

35 portion 142 so as to aid in forming a liquid- tight 
seal. If necesary, an 0-ring or similar gasket 
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might be provided at this interface so as to assure 
a positive liquid-tight seal. However, the sealing 
of the upper portion 142 with the lower portion 156 
must be made in such a manner so that the two body 
5 portions may rotate relative to one another, since 
it is this rotation which permits the regulation of 
the flow rate. The operation of the rotation and 
the manner in which such rotation produces a variable 
flow rate capability is better seen in Figures 16 
10 through 20. 

Figure 16A is a cross section of the inventive flow 
regulator taken along site line 16A-16A of Figure 
15. The main body of the piercer 28 includes the 
15 portion of increased diameter 140 which forms the 

shoulder for abutting against the IV container stopper. 
The septums 114 and 116 separate the primary path 
104 from the secondary path 110 and from the air 
entry channel 50. 

20 

Figure 16B is a cross section taken along site line 
16B-16B which is located where the piercer body 28 
joins the upper portion 142 of the flow regulator. 
Accordingly, the enlarged diameter portion 140 of 
25 the piercer body may be seen as weir as a portion 
of the dividing septum 114. The remainder of the 
septum 114 is shown in phantom since it is located 
beneath the top surface 144 of the upper portion. 
The hydrophobic membranes 146 may be sealed in place 
by the use of searing rings 147. As mentioned, these 
hydrophobic membranes are intended to pass air but 
not fluid and thereby serve to vent the air from 
the piercer and the upper body of the device when 
it is first inserted into an IV container. 



30 



0001114 

Figure 17 is a cross section of the embodiment of 
Figure 15 taken along site line 17-17 and which shows 
the flow regulating plate 148. The flow regulating 
plate 148 is located inside the upper portion 142 
5 and is an integral part of the flow rate mechanism 
of the embodiment of Figure 15. The flow regulating 
plate is formed as the bottom surface of the upper 
body portion 142 and is intended to mate closely 
with the top of the membrane carrier 160 which is 
10 formed in the lower body portion 156. These two 
parts 148 and 160 are intended to be in as close a 
relationship as possible so as to form fluid- tight 
and air-tight seals between the solid parts of 
these plates. The flow regulating plate 148, as 
15 shown in Figure 17, is a solid plate except for 
semicircular primary flow aperture 150 and a semi- 
circular secondary flow aperture 152. Septum 114 
is seen in cross section and separates the two 
sides of the compression plate 148 which correspond 
20 to the primary and secondary chambers. Addi- 
tionally, lip 164 of the lower body portion 156 is 
seen located between the outer rim of the flow 
regulating plate 148 and the interlocking lip 
structure 154 of the upper body portion 142. The 
25 interlocking lip 154 is slotted at its outer edges 
in several places so as to permit it to expand out- 
wardly when it is inserted over the lower body por- 
tion 156 during the manufacturing process. Tabs 
166 and 168 are affixed to lip 154 and serve to 
30 interact with a similar tab or stop on the lower 
body portion 156 which thereby serves to limit 
rotation of the upper body on the lower body to 
approximately one-half turn. 

35 Figure 18 shows the membrane carrier 160 of Figure 
^15 and is a cross section taken along site line 
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18-18 which is just below the section referred to 

posiUcns I" l0CatGd ^ ^ - s P-tive 

5 teaZ^of^*?" maj ° rity there ° f CUt ~y 
136 iiT flgUre ' The P^-ry membrane ' 

136 1S semicircular in shape and fits into a a u^i 
recess 170 which +u w CS lnto a shallow 

un^Vv, y ' SUPP ° rt Struts "2 project 

under the primary membrane 136 so as to iL T 
10 port and to keep it from „ of d Xt Sup " 

fludrf «n deforming or sagging'. The 

fluid flows pass the primary membrane and through 

z: ~™ t: h are formed — - 

sealed iTl • PriI " ary membra ^ 136 may be 

15 to ihe mlbt: Primary membranS SUPP ° rt ^ ™ and 
to the membrane support struts 162 by a suir*hi* 

~ approved adhesive, solvent, or h^t se he 

^TlZeTZr 136 is recessed only — 

uie upper surface is flush wit-K +-k~ *. 

+^ ^ Wltn topmost surface 

of the membrane carrier 160 <s„,,-i -, 6 

176 projects from the sidewall 1 5 8 of the lower 
body pcrtion 156. This stop cooperatfis ^ 
stops 166 and 168 , sholm in th 

directron and the amount of rotation of the device 

on ^""r' ^ fl ° W re 9 ttl "ing plate 148 is rotated 
on the ^rane carrier 160 to regulate the flow 

. ITr*'''^ 11 ""— ^rot- 
now plat?i 4 T er ^ ^ ^ 0,6 fl °" "^"ing 
flow pA ate 148 upon the lower body portion and the 

membrane carrier 160 serves to „ove the primary fL 
aperture 150 such that it is no longer directly in 

tiTIT T prinary raenbr ^ 136 - 

part of ^rane 156 will be covered tightly by the 
solrd portxon of the flow regulating plate 148 
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thereby affecting the effective surface area of the 
primary membrane which is exposed to the fluid. 
Since flow rate is proportional to the effective 
area of the membrane filter, the flow rate is thereby 
accurately regulated by this rotation. In the embodi- 
ment described, complete rotation of 180° of the 
upper portion relative to the lower portion of the 
flow regulator will completely shut off the XLow 
since, upon complete rotation, both the primary and 
the secondary membranes will be completely covered 
by solid portions of the flow regulating plate 148. 



In the embodiment of Figure 18, the membranes were 
recessed to provide a smooth upper surface of the 
15 membrane carrier 160. An alternate embodiment is 
to use one large membrane which would cover and be 
sealed to the entire upper surface of membrane 
carrier 160. m this manner, fluid could flow only 
through the membrane where there existed openings 

20 beneath it. Thus the devices would be functionally 
equal. It should be noted that, in covering the 
entire surface with the membrane, ease of manufac- 
ture is provided as well as the additional feature 
that the membrane itself could act as a gasket to 

25 effect a fluid-tight seal between the movable plates 
148 and 160. 

Figure 19 is another embodiment of the flow regulat- 
ing plate of Figure 17. In this embodiment the pri- 

30 mary flow of aperture 150 » is similar to that shown 
in Figure 17. However, the secondary flow path aper- 
ture 152' is now located in the center of the flow 
regulating plate 148'. Because of this relocation 
of the secondary flow path aperture 152 », the septum 

35 114' must be relocated in its relation to the plate 
surface. Accordingly, septum 114* deviates around 
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the central aperture 152- «„ 001 

txnuous separation of th. prL^Vl * C ° n ~ 
chambers. m all ni . h P rim ^Y and secondary 

no„ Plate 148 °«^rin' J"' enbodlme ' lt ° f 

10 embodiment is inten r d " d er .° f Fl9U " 18 ' This alternate 

te OT ut ing Plate rr r r with 1,16 £iow 

136 is semicircular in shane , mem »ra„e 
recessed s„ Pport rim ^ " "J » *«-d to a 

membrane carrier l60 . ,! , Pr °" aed in the 
15 embodiment, the mail' I deSCrlbe 
"6 has been shown cut aw""" aL^T^ 
struts 162 are provided in \m " ° S ™ e SUpport 
Primary membrane 136 is «e«fore ^ *" 

<** fluid can then fl™ !* 6refore mounte 'i such that 

'■» out the multi D ^ ^° U9h the "^rane «nd 

e multiple openings 174 uki „t 

between adiacent support struts 16 ; "! 
»ent, however th« „ ln 0,13 e«*>odi- 

circular in ^^ZS^l T " ~* 
ram 172' which is central i„T recessed support 

B the membrane carried Uo "' T t " 
»8 has been shown partLly ^"^^ — — 
- the manner in which^ el^'if J^T 

membrane carrier 16o" which has rh" ""^ 

Cranes mounted there! u aPPr ° Priate «"er 

148' on 160' th„ , ! PO " rotat i°n of plate 

cover a part'of the f P0 " i0n °' ^ 148 ' 

on membran^ carrie llT'/L^ " 6 »™ 

tive surface are" of th Chan9e the 

erea of the primary membrane, thereby 
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acting to regulate th» n ' 
. « y dLe flow. However- 

the device win «°wever, rotation of 

•»> is in registry witt th! ""rally located 

» « 9 pUte. Thus™ £ ~ th 1 " «- ~t- 
membrane will be at ! ttorou 9 1 > the secondary 

-pte d when tte P or« n ? 0 TL oo n:r "f miatet - 

mutually rotated. Therefor, m. re ^ lat « «e 
shown in Figures 1? ™ Ie ' the tafc s or stops as 

10 embodiment but have h„.„ T "* KCeMai 5' « this 
the relative effectived 7 ^ ^ *» indic ^ 

The operation of the embodiment „f «■ 
" now be described. Initial I ^ 15 Wil1 
. inserted fullv UaUy ' the piercer 28 is 

limited by tte st» " '"^ mt " " - 

Oiameter po^on Tj Z^ ** 

inlet 108 will h» i ' Position, secondary 

- tainer and^ ^ the IV con! 1 

IV container is then int rted 1 """^ ^ 
conventional stand above the bat^ ^ 3 

manner. Air is vented f ! 1D tte ty P ica l 

142 of the devil s ^ " PPer b ° dy P°"ion 

» 146. and flut 1L?;t ^ hydrOPhOMC ne *™- 
flow paths 104/110 into fh P " 0ary ^ 
chambers 105. Ill a J *° 6 Primary «* secondary 
- secondary ffoV^ ^ — 

that the flow relL ^ POrtioI > 156 so 

l*e IV fluid thTwet the 8 

«- drip chamber 36 ^ 1 "* Md " 8 - 

36 is closed; tL fi^Tdrawn'thT *** " 
hranes and into f h» x through the mem- 

36 is ^ «tas^ ZfnlTn ^ " ^ 

« ana fluid flows down the tubing. 
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TrZ for" "° US ° Ut *- diStal «- device 

" T f ° r lns «tion into an IV catheter which 
has been pieced in the patient, now ra te through 

at thl h " " te ty COUntin 9 the drops formed 

at ^ d folner 34 Md rotat . ng rmed 

Portion 142 on the iower body portion 156 until 

Tu Z"T rat : 1S aChieVed - The ~t invention 
will maintain the flow rate which has been set with 

is L a r\r two percent d ™ e p« —which 

fluid , faUiD9 ° f »f the 

fluid due to the continued infusion. The flow rate 
» ay b e readjuste(1 ^ _ ^ ^ ^ # £ rate 

rate by again rotating the upper body portion 142 

ad uTti: b° ^ l ° Wer b ° dy P ° rUOn 156 ' - " ^ 
adjusted by increasing the height of the IV con- 
tainer above the patient. 

ratVuntifib 1 * the chosen 

rate until the IV container is almost empty, at 

Which time the fluid will no longer be above the 
primary inlet 102 and the primary membrane 136 win 
no longer be exposed to fluid. At time , ttc 

sole source of infusion is the secondary membrane 
138 whose pore size and area are so chosen to limit 
the mfusion to a slow rate. The IV will continue 
for an extended period of time at this slow rate 
until the IV bottle is changed or until the IV 

30 i^ tle beCOmeS COmp . letel * e »PtY. at which time the 
infusion stops, since the primary and secondary 
membranes are hydrophilic and will not pass air, no 
air will be permitted to enter the lower body or 
drip chamber or IV tubing thus avoiding the possi- 

35 tltll f„f " r e " b0li - Mdi ti°nally, a t the time a 

Piercer 7 ** ^ U **» the 

Piercer and upper body automatically through the 
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hydrophobic membranes 146; fluid enters the cham- 
bers and rewets the membranes; and the device once 
again starts flowing at the set, desired infusion 
rate. It should also be noted that the use of the 
5 primary and secondary membranes provides complete 
filtration of the IV fluid used in the infusion . 

Typically, the primary membrane is selected so that 
the effective surface area and pore size provide a 

10 maximum flow rate of from 500 to 1000 ml per hour, 
and the secondary membrane provides a flow rate of" 
approximately 15 to 35 ml per hour. Also, the length 
of the piercer, as well as the placement of the pri- 
mary and secondary inlets, is chosen so that about 

15 25 to 50 ml remain in the IV container when the pri- 
mary inlet is no longer exposed to the fluid. This 
provides an extended infusion of approximately one to 
two hours. For example, an Acropor, 0.45 micron, mem- 
brane filter from Gelman Instrument Company having 

20 an effective surface area of 396 mm 2 being used as 
the primary membrane will provide a flow rate of 
approximately 1000 ml per hour at an infusion height 
of 100 cm. Depending on the particular configura- 
tion of the embodiment, the support struts 162 

25 decrease the effective area by about one half and 
therefore allow a maximum flow through this mem- 
brane of about 500 ml per hour. It should be noted 
that the support struts of the embodiment of Figure 
15 are in fact flow limiting, since the membrane is 

30 affixed to the support struts. The fenestrated sup- 
porting structures 126, 128 of the embodiment shown, 
in Figure 13 are not flow limiting since the mem- 
branes are not affixed to the support structures. 

An Acropor, 0.45 micron, membrane filter having an 
2 

35 area of 10 mm utxl\zed as a secondary membrane 
prpvides a flow of about 25 ml per hour when the 
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infusion level is approximately 91 to 95 cm above 
the patient . Therefore, total maximum flow through 
the device is approximately 525 ml per hour. By 
rotating the device 45° , the flow will decrease to 
5 about 375 ml per hour; 90° to about 250 ml per hour; 
and 135° to about 125 ml per hour. Further rotation 
decreases the flow further. If the embodiments of 
Figure 17 and 18 are used, flow may be shut off com- 
pletely by rotating the device 180°. In the embodi- 
10 ment of Figures 19 and 20 , the flow decreases to a. 
minimum of only about 25 ml per hour, since fluid 
continues to flow through the secondary flow path 
located in the center of the device. 

15 Finally, as may be appreciated, the device illus- 
trated in Figures 12 and 15 might be made with only 
a primary flow path and with no secondary flow path 
or associated secondary flow path elements such as 
inlets, membranes, apertures, etc. In this manner, 
20 the device functions simply as a flow regulator and 
provides none of the extended period of infusion at 
the time the IV container becomes nearly empty. Of 
course, the device will still filter the fluid and 
prevent the possibility of air.ejnboli entering the 
patient. Additionally, such device would not have 
to be made integrally with a piercer but may have a 
fitting for mating with a distal end of an IV set 
and an outlet for associating with a short length 
of IV tubing for inserting into a suitable IV catheter. 
30 The device would still act as a flow regulator and 
filter but would not be positioned next to the IV 
container. Such device would then not only filter 
the IV container fluid but also any fluid or medica- 
tions introduced downstream from the IV container. 
35 Furthermore, it should be appreciated that the 

present invention contemplates regulating flow from 
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an IV container by using filters to set maximum 
possible flow rate. In this regard, typical infu- 
sion rates are generally in the neighborhood of 
between 100 and 150 ml/hr. A filter having a pre- 
5 selected area and pore size can effectively set 
maximum flow, with great accuracy, anywhere within 
this typical range. 

It should be understood that the specific embodi- 
10 ments of the present invention as described above 
have been presented for the purposes of illustra- 
tion only and without any intention of limiting the 
scope of the present invention. Accordingly, it is 
an intention that the present invention be limited 
15 not by the above, but only as defined in the appended 
claims. 
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Claims: 

1. An automatic flow regulator for delivering a 
fluid, such as a parenteral solution, from a fluid 
5 source to a patient, the flow regulator comprising: 
a body portion having an inlet for receiving fluid 
from said fluid source, an outlet for delivering 
fluid to said patient, and a flow path for deliver- 
ing fluid from said inlet to said outlet; an elon- 
0 gated piercer on said body portion proximate siaid 
inlet and having a primary fluid inlet at the end 
remote from said body portion, characterized by a 
secondary fluid inlet positioned intermediate said 
primary fluid inlet and said body portion, and 
15 having at least one piercer flow path for deliver- 
ing fluid entering said primary and secondary fluid 
inlets to said body portion inlet; whereby when 
said piercer is in said fluid source and is in com- 
munication with said fluid, said primary fluid 
20 inlet defines a threshold level whereabove fluid 
flows from said source to said outlet, through said 
primary and secondary fluid inlets, at a first flow 
rate; and valving means for discontinuing the flow 
of fluid and for preventing the flow of air from 
25 said primary fluid inlet to said outlet upon the 
level of said fluid in said source failing below 
said threshold level; whereby, after the level of 
fluid in said source falls below said threshold 
level, fluid flows from said source to said outlet, 
30 through only said' secondary fluid inlet, at a second 
flow rate less than said first flow rate. 

2. The flow regulator recited in claim 1, wherein 
said piercer extends into the interior of said source 
35 a preselected distance to set said threshold level 
so that when said threshold level is reached by the 
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fluid, a quantity of fluid remains in said fluid 
source sufficient to continue fluid flow at said 
second flow rate for a time between one and two 
hours . 

3. The flow regulator recited in claim 1, wherein 
said first flow rate is approximately 100-150 
ml/hr. 

4. The flow regulator recited in claim 1, wherein 
said second flow rate is such that fluid infusion 
will continue for approximately one to two hours 
after said threshold level is reached by the fluid. 

5. The flow regulator recited in claim 1, and 
further comprising a drop forming means and an air- 
fluid interface for enabling the monitoring of the 
rate of fluid infusion into a patient. 

6. The flow regulator recited in claim 1, and further 
comprising a flow regulating tube in the fluid path 
from said primary fluid inlet to said outlet for 
limiting fluid flow from said primary fluid inlet 
to the patient. 

7>. The flow regulator recited in claim 1, and further 
comprising a flow regulating tube in the fluid path 
from said secondary fluid inlet to said outlet for 
limiting fluid flow from said secondary fluid inlet 
to the patient. 

8. The flow regulator recited in claim 1, and fur- 
ther comprising a ^jj/tejLjmembrane in the fluid path 
of said secondary 'fluid inlet having a preselected 
5 surface area and pore size for determining said second 
flow rate and for blocking the passage of air from 
said secondary fluid inlet to said outlet. 
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9. The flow regulator recited "in claim 8, wherein 
said valving means comprises a filter membrane which 
passes fluid but not air, and which has a surface 
area and pore size so that said first flow rate is 

5 approximately 100-150 ml/hr. 

10. The flow regulator recited in claim 1, and 
further comprising an air inlet means for allowing 
air to enter said source as fluid leaves said source 

10 through said primary and secondary fluid inlets. 

11. The flow regulator recited in claim l f wherein 
said at least one piercer flow path comprises first 
and second piercer flow paths, communicating, respec- 

15 tively, with said primary and secondary fluid inlets; 
and further comprising primary and secondary chambers 
for receiving fluid from said respective first and 
second piercer flow paths; and primary and secondary 
membranes mounted in said respective primary and 

20 secondary chambers. 

12. The flow regulator recited in claim 11, wherein 
said primary and secondary membranes are hydrophilic 
membrane filters; and wherein the surface area anc} 

25 the pore size of said respective primary and second- 
ary membranes determines said first flow rate. 

13. The flow regulator recited in claim 11, wherein 
said secondary membrane is a hydrophilic membrane 

30 filter, and wherein the surface area and pore size 
of said secondary membrane determine said second 
flow rate. 

14. The flow regulator recited in claim 11, and 
35 further comprising regulator means for affecting 

the effective surface area of said primary membrane. 
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15. The flow regulator recited in claim 14 , wherein 
said regulator means comprises a flow regulating 
plate, and wherein the relative position between 
said flow regulating plate and said primary membrane 
determines the effective surface area of said pri- 
mary membrane and hence the primary flow rate equal 
to said first flow rate less said second flow rate. 

16. The flow regulator recited in claim 15 , wherein 
said flow regulating plate is adapted to block all 
fluid flow through said primary and said secondary 
membranes . 

17. An automatic flow regulator for delivering a 
fluid, such as a parenteral solution/ from a source 
to a patient, the flow regulator characterized by a 
body formed of mutually rotatable upper and lower 
portions for receiving fluid from the source and 
for regulating flow to the patient; a rigid, hollow 
piercer connected to the upper portion of said body 
and with a pointed tip for insertion into said source; 
an outlet means connected to the lower portion of 
said body for delivering fluid from said body to the 
patient; a primary delivery means residing in the 
upper portion of said body and in said piercer, hav- 
ing an inlet end located near the pointed tip of 
said piercer for associating with said source, and 
having a discharge end in the upper portion of said 
body; a primary filter membrane located in said body 
between said primary delivery means and said outlet 
means, said primary membrane being of selected area 
and pore size so as to establish a first flow rate 

ol fluid from said primary delivery means to said 
outlet means and for selectively blocking the passage 
of air from said primary delivery means to said out- 
let means; a secondary delivery means residing in 
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the upper portion of said body and in said piercer, 
having an inlet end located a predetermined distance 
from the pointed tip of said piercer for associating 
with said source, and having a discharge end in the 
5 upper portion of said body; a secondary filter mem- 
brane located in said body between said secondary 
delivery means and said outlet means, said secondary 
membrane being of selected area and pore size so as 
to convey fluid from said secondary delivery means 

10 to said outlet means at a second flow rate less than 
said first flow rate and for selectively blocking 
the passage of air from said secondary delivery means' 
to said outlet means; flow regulating plate means 
in one of the upper or lower portions of said body, 

15 having open areas and solid areas in a predetermined 
ratio, said open areas communicating with the dis- 
charge ends of said primary and secondary delivery 
means; a membrane supporting plate in the other of 
the upper or lower portions of said body for mount- 

20 ing said primary and said secondary membranes; and 
collecting means for delivering fluid flowing through 
said membranes to said outlet means; whereby said 
flow regulating plate and said membrane supporting 
plate cooperate during relative rotation between 

25 said upper portion and said lower portion of said 
. b&dy to vary the flow of said fluid by varying the 
effective area of said primary membrane. 

18. An automatic, flow regulator for use with a closed 
30 container supplying parenteral solution to a patient, 
the flow regulator comprising: a tubular means having 
affixed to one end thereof a pointed piercing means; 
a primary aperture in said tubular means proximate 
said pointed piercing means; characterized by a second- 
35 ary aperture in said tubular means located at a pre- 
determined distance from said end having said piercing 
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means affixed thereto; a hollow body communicating 
with said tubular means opposite said pointed end 
and adapted to be arranged external to said con- 
tainer; flow regulator means arranged internal to \ 
5 said hollow body, having a first portion communi- 
cating with said primary aperture for permitting 
solution to pass therethrough at a first flow rate, 
and having a second portion communicating with saic 
secondary aperture permitting solution to pass 
10 therethrough at a second flow rate which is substar- 
tially less than said first flow rate. 

19. The flow regulator of claim 18, and further 
comprising a first membrane filter arranged within 

15 said first portion of said hollow body such trat 
said solution in said first portion passes on«.y 

•» 

through said first membrane filter; and a se*ond 
membrane filter arranged within said second portion 
of said hollow body such that said solution in said 
20 second portion passes only through said seond mem- 
brane filter. 

20. The apparatus of claim 19, and furttir com- 
prising a first hydrophobic membrane looted in the 

25 external surface of said first portion ;£ said hollow 
body for permitting air to pass therett- ough and 
for preventing solution from passing terethrough, 
and a second hydrophobic membrane locked in the 
external surface of said second porV'^ of said 

?0 hollow body for permitting air to pr-s therethrough 
and for preventing solution from posing there- 
through. 

21. The apparatus of claim 19 , further compris- 
35 ing first and second collapsibl* domes positioned 

in a top exterior surface of sr d hollow body and 
being constructed to be manivjy deformed so as to 
reduce the volume inside F*idnollow body. 
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